Teachers observe the activities of pupils, and know the types and features of them. However, the observations must be subjective. It is difficult to generalize the knowledge of a teacher. This paper proposes a method to make subjective and quantative observations of pupils about their reading aloud and problem solving activities, the implementation of the method, and the observation results of the implemented reading activity observation system. About read aloud activities and the question answering activities, the implementation observes the timing of key operations and the process of gazing positions. To measure the reading ability, the text read and the questions to measure the level of understanding are prepared. The prepared text and questions are targeted to the third year of Japanese primary school. In the third year of a primary school, reading difficulties are manifested. The implementation generates many kinds of easy-to understand reports. The knowledge acquired from the observations are easy to generalize. This paper shows the method, the implementation, and the observation results.
INTRODUCTION
Teachers observe the activities of pupils, and know the types and the features of them. Teachers teach the pupils based on the knowledge. However, the observations must be subjective and non-quantitative. These types of knowledge are difficult to generalize.
Reading is one of important parts of human activities. Reading ability is one major theme in education. Reading ability is a base to learn many subjects.
In Japan, if a pupil shows two years' delay of reading ability, the pupil is regarded as to have a reading difficulty. Some Japanese normal public elementary schools have about 20% of pupils with a light reading difficulty [1] . Of course, there are pupils with a heavy reading difficulty. The pupils with a heavy reading difficulty attend special support education classes or schools. In primary school years, girls show about two years progress than boys in their development. This difference makes it difficult to teach boys and girls in a same class [2] .
To help a pupil, an ICT device must understand the activity of a pupil precisely. A human teacher can observe and understand not only the activity but also the inner state of a pupil. However, it need a huge computation power and a huge measuring system. In this paper, we will propose and implement the method to understand the activity precisely with the feasible ICT devices in a near future. The understanding of an activity is a start point of understanding of the inner state of a pupil.
Text reading prosody and reading comprehension have relations with each other [3] . Teachers observe a pupil to read aloud a text, and understand the ability of the pupil about text reading prosody. With some questions or tests, teachers estimate the reading comprehension of the pupils about the text. For understanding the features of a pupil, teachers need to know the abilities about text reading prosody and reading comprehension.
Japanese texts include many kinds of letters: Hiragana, Katakana, and Kanji. Therefore, reading Japanese texts may have many types of difficulties. We have proposed the system to observe reading activities using face images and read aloud voices [4] . The system can observe the activities about reading aloud, and generate an objective and quantative report about text reading aloud. However, the system cannot measure the precise gazing positions in the reading activities. Recently, we can use cheap and easy to use eye gazing detection devices. With the device, precise gazing detection is possible [5] . This paper proposes a method to make subjective observations of pupils about their reading aloud and problem solving activities with eye gazing detection. The observations are objective and quantative. The knowledge acquired from the observations are easy to generalize. This paper shows the method, the implementation, and the observation results. With the observations, teachers have many hints to understand the text reading prosody and reading comprehension.
First, the activities observed are discussed in the next section. Then, the reading activity and problem solving observing system is proposed. Next, the measurements' results are discussed. And last, we conclude this work.
Read Aloud and Problem Solving Activities
With silent reading, we have no information about the reading activities. In Japanese primary schools, read aloud activities are common. With the read aloud activities, teachers can estimate the ability of a pupil. Therefore, we focus on the read aloud activities.
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Japanese Texts
First, the structure of Japanese texts is described. Japanese texts include mainly three types of characters. Two types of characters are Hiragana and Katakana. They are phonogram as alphabet. The other is Kanji. Kanji is ideogram. There is no word spacing in Japanese texts. Adult Japanese can easily recognize word chunks with the help of boundary between a Kanji character and Hiragana character. A sequence of Katakana character makes one word that represents the phonetic representation of a foreign word and a sound that is not a word.
Japanese sentence ends by a punctuation mark. We can easily find a sentence in a sequence of characters. In a sentence, we can find a word chunk starting from a Kanji character and ending at the last Hiragana character in a sequence of Hiragana characters. There may be a word chunk only including Hiragana character. In the case, we have some difficulty to find a ward chunk.
Change of Japanese Text in Primary School Ages
In Japanese primary schools, pupils start to learn Japanese characters. In Japan, many infants learn Hiragana before primary school ages. However, a primary school is the first step of compulsory education in Japan.
In six years of a primary school, pupils learn Hiragana, Katakana, and Kanji characters. In Japan, if a pupil shows two years' delay of reading ability, the pupil is regarded as to have a reading difficulty. Some Japanese normal public primary schools have about 20% of pupils with a light reading difficulty. Of course, some pupils have a heavy reading difficulty. The pupils with a heavy reading difficulty attend special support education classes or schools.
Teachers want to help pupils with reading difficulties. However, it is difficult to find pupils with light reading difficulties in the first and second year in a primary school. If we can understand the precise reading activities, we can find a tiny sign of reading difficulties in very first stage. Teachers can help the pupils in very first stage of reading difficulties. The fast guidance may prevent the increase of reading difficulties. In many cases, a fast guidance is more effective than a late guidance.
In the first year of a primary school, only 80 Kanji characters are learned. Therefore, the text for a pupil at the start of second year only includes about 80 Kanji at most. Texts of the first year have word spacing. In a second year, texts have no word spacing as normal Japanese texts. At this stage, some pupils show reading difficulty about recognizing word chunks in a sentence. However, they can read the sentence as written by Hiragana and small number of Kanji. Their reading aloud voice has features that can be detected by experienced teachers. However, pupils of the second year cannot show two years delay from normal pupils. Therefore, it is difficult to find pupils that need some special help about reading.
In elder pupils, there is a problem about Kanji. Some pupils do not remember enough number of Kanji. Some pupils do not remember the phenomes representing the Kanji. In the case, a teacher easily finds the problem. However, there needs long time for checking all pupils in a class.
In a third year of a primary school, pupils show their abilities about reading apparently. Two years delay is apparent in this stage. Therefore, the third year of a primary school is proper timing to measure their abilities about readings.
Word Chunk
In Japanese texts, most of word chunks form the sequence of characters starting from Kanji, and ending to Hiragana. Of cause, in a very first year in primary school life, almost all word chunk is formed only by Hiragana. In the texts, a word chunk is separated from other chunks with a space to help to recognize word chunks.
Our Japanese text presentation sub-system presents a text with three levels of masking and highlighting [6] . With the highlighting, a user can easily find a word chunk.
The standard length of a highlighted part expands with the development of reading ability. In the long highlighted part, a pupil finds basic word chunks and recognize the relations among word chunks. Elder pupils may have a problem about this function.
In the text for elder pupils, there are many Kanji characters. Therefore, it is easy to find a basic word chunks in a sentence. However, in a long highlighted part, there are complex relations among word chunks.
In the third year of a primary school, pupils are expected to read a sentence by a sentence. Therefore, our Japanese text presentation sub-system moves the highlighted part a sentence by a sentence.
Text
For every years of primary schools, the text read by a subject must be prepared. However, our first subjects groups are third year of a primary school. The third year of a primary school is the first year when the reading difficulties are manifested. Therefore, the text fit for the pupils of the third year of primary schools is prepared.
The text read must not include the Kanji that is not learned before the third year of a primary school. The text includes both Hiragana and Katakana. It also includes proper Kanji. The text used in our experiments is shown in Table I . In Table I , Japanese sentences are in the left column. The meanings are shown in the right column.
Problems
In the proposed method, a subject answers some problems to measure the degree of understanding of the texts. The method propose five easy questions about the text read. Table II shows the five questions and their choices in English. About questions 1, 2, 3, and 5, correct choices are described apparently in the text read. About question 4, the proper choice is not described apparently in the text read. A subject must estimate the season.
In the problem solving stage, the texts to read aloud is displayed on the left half of a display, and a question and choices of answers are displayed on the right half.
Method to Observe Reading and Problem Solving Activities 3.1 Subjects
In Japan, the reading difficulties manifest at the third year of a primary school. Pupils start to learn reading at the first year of a primary school. First, they learn Hiragana. At the third year of a primary school, pupils are expected to be able to read some simple texts that include Hiragana, Katakana and Kanji. This paper selects pupils in the third year of primary schools at our very first step.
Observing System Over-View
Our observation system for reading and problem solving activities is based on the Japanese text presentation system for the pupils with reading difficulties [6] . Figure 1 shows the overall structure of the proposed observation system. A user looks at a display and shows his intention to go to next sentence with key-input. User's activity handing part controls the text presentation and question and choices presentation, and it records the precise activities of a user. In this paper's implementation, the recorded activities are key-inputs. Eyes' movements are recorded though out a trial with precise time. Text presentation sub-system displays the sentence read by the user is highlighted. With a proper key-input, the highlighted part moves to the next sentence.
Texts and Problems
The text is 252 characters and nine sentences. The first sentence means "Start". And, the last sentence means "End". The text used in our system is shows in Table I . Table I shows English in the second column. Figure 2 shows the text presentation on a display. On a read aloud stage, one sentence by one sentence is highlighted. In question solving stage, the right area of a display shows the question and choice box. Figure 3 shows an example of question and choice box. A text read aloud is displayed on the left area. A subject can read the text at every time in question answering stage.
Trial
One trial is constructed from three stages. The first stage is a calibration of eyes gazing measuring system. The second stage is 
せんしゅうの土曜日、 家の近くの公園で姉と妹 と い っ し ょ に 遊 び ま し た。
On last Saturday, I played with my older sister and sister at a park near my house.
さいしょは、どんぐり をひろったり、くりをあ つめたりしました。
First, I picked up acorns and garnished chestnuts.
わたしは6 こ で 姉 は 10 こ、妹は3こでした。
I had 6, my older sister had 10, and my sister had 3.
つぎに、草むらに行っ て虫さがしをしました。
Next, we went to the grass to find insects. "ri-n, ri-n, ri-n" "rin, rin, rin" "chinchirorin, chinchirorin"
Text Presentation

Question and Choices Presentation
User's activity handling and recording
Eyes' movement recording
Record User a practice to familiarize with the system operations. In this stage, a subject read a short text, and it answers a few easy questions. In the third stage, a subject read a proper text, and it answers the five questions. In a trial, an assistant guides a subject about the operations. 
Implementation of the observation system
Our proposed method is implemented using notebook PC and Tobii EyeX [7] . The displayed question and response box is shown in Figure 3 . The upper box is an original Japanese version. The lower one is an English version. On the top of the box, a question is shown. Under the question, three choices of suggested answers and impossible to answer are shown. A subject can select a choice using a mouse or a keyboard.
In reading aloud process, a display shows only the text read as Figure 4 . A sentence read aloud is highlighted. In the right area of a display, no texts are shown.
In problem solving stage, a display shows the text and the question and answering box as Figure 5 . A subject can refer the text to search the answer of a question.
Trial
One trail is constructed from three stages. The first stage is a calibration of a gaze detection device. This stage needs about three minutes to complete. The second stage is a practice reading aloud and problem solving. In this stage, a subject learns the key operations on reading aloud and problem solving with small text and a sample problem under the guidance of a teacher. In the last stage, a subject carries out read a text aloud and problem solving by itself.
Experimental Results
The proposed system makes many types of reports based on the objective and quantative observation. In the following, each report type is discussed. 
Observation Experiments
Subjects are all pupils in the third year of Japanese primary schools. The total number of subject is over 200. However, some pupils use glasses. With glasses, a gaze detection device cannot measure the gaze point with proper accuracy. The total number of effective observations is 154. From the observation, the normal range of parameters in the following are decided.
Q. 5 How does a cricket sound?
"ri-n, ri-n, ri-n" "ri-n, ri-n, ri-n" "ri-n, ri-n, ri-n" "chinchirorin, chinchirorin" I don't know.
"rin, rin, rin" Previous q. End.
Reading Time
The proposed system records the precise time of user's key operation. With the recorded key operations, the reading time of each sentence is measured. From the reading time, we can estimated the reading activity type of a subject. Figure 6 shows the display image that shows the relation between a sentence length and a reading time of the sentence. In the left side, some parameters about the diagram are shown. From the diagram, the difficulties of a subject is estimated. The solid line shows the normal reading time of the subject. The normal reading time is estimated removing the outlier data from all measurements. Figure 7 shows the diagram largely. The horizontal axis is the number of character in a sentence. The vertical axis is the consumption time at the sentence in millisecond. In Figure 7 , the outlier sentences are shown with blue diamond marks. A subject has some difficulties to read the sentences. Teachers easily find the sentences that show some difficulties. 
Figure 6. Example of Displayed Image of Reading Time Report
Question answering time
In the question answering stage, the time to answer each question is measured. Figure 9 is an example of displayed image of question answering report. Figure 10 shows the diagram largely. Otherwise, the bar is red. In Figure 10 , the subject consumed much time to answer the question 4, and selected a wrong answer. 
Eye Gazing in Reading Aloud Stage
At each sentence, the proposed system make the tracing of eye gazing. Figure 12 is an example of the tracing of eye gazing. With this tracing, the reading process of a subject is estimated. Figure 13 shows other example. In Figure 13 , the gazing points are distributed other sentences. The subject of Figure 13 may have some problem about his eye movements. As this, these eye gazing diagrams show the problems about eye movements clearly.
Eye Gazing in Question Answering Stage
At each question, the proposed system make the tracing of eye gazing. Figure 14 and 15 show examples of the tracing of eye gazing of a question and an answering stage. With this tracing, the degree of understanding about the text and the activity to search an answer of the question are estimated. This subject did not understand the text well.
The subject of Figure 14 searched the answer through whole text. This subject is estimated not to understand the text well in reading aloud stage. The subject of Figure 15 searched only proper sentence only. This subject understood the text well in reading aloud stage, and confirmed his understanding. This eye gazing report helps teachers to understand the activities in question answering stage well. 
CONCLUSION
This paper proposes the objective and quantative observation system for reading aloud and question answering activities with eye gazing movement. The proposed system enables to make objective and quantative observations of reading aloud and question answering activities of a subject. Moreover, the proposed system makes reports of reading aloud activities and question answering activities based on the objective and quantative observations. These reports helps teachers to estimate the precise activities of a subject about reading and understanding texts. Teachers can estimate the type of reading activity and difficulties of a subject from the reports.
The proposed system generates many reports for one subject. The amount of reports for a whole pupil in a class is too large to be used by a teacher. Therefore, our next step is to append the proposed system a function to estimate the type of reading activity and difficulties of each subject from the objective and quantative observations.
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